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Abstract
This article presents the opportunities to use small size round wood as a raw material for wood 
pellets. Article is aimed to give an insight to results of the study and to initiate discussion 
related on topical questions among pellet industry: what is the quality of pellets produced of 
undebarked young thinning wood (pine and pine-birch mixture) or debarked young thinning 
wood. Other topics of the study are to find out: has felling timing or growing habitat any influ-
ence to the chemical composition of pellets. Fuel quality indicates that high quality pellets can 
be produced of alternative raw materials. Key findings of this study are that there is a big op-
portunity to use undebarked small diameter pine and undebarked small diameter pine pine-
birch mixture as a raw material for wood pellets. According chemical analysis small diameter 
thinning wood with bark is useful raw material for EN 14961-2 (2011) A1 wood pellets. In 
Finland traditionally small diameter wood has been used as a raw material for wood chips and 
for pulp and paper industry. Due to the changes in of pulp and paper industry new production 
opportunities for using small diameter wood should be found. In the future using small size 
thinning wood as a raw material for pellets can boost the demand of thinning wood and so 
help to manage young forests in Finland.
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1. Introduction
In	Finland	chemical	and	mechanical	forest	indus-
try is under big changes and that will have a strong 
influence	to	the	markets	of	thinning	wood.	In	Finland	
it	 is	very	typical	to	manage	forests	using	thinning	
harvesting.	 Thinning	harvesting	means	 that	 extra	
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2. Materials and methods
The	starting	point	of	the	study	was	to	find	two	forest	

















were q = basal area gauge factor and d = diameter (mea-
sured	at	1.3	m	height)	of	chosen	wood	in	meters	(Kan-
gas	and	Päivinen	2000).




Table 1 Forest stand inventory data. Data is collected before harvesting
Area VT
Median trees Plot Plot Plot Plot Plot Plot Plot Plot Plot Plot
1 2 3 4 5 6 7 8 9 10 Avg. Max. Min.
Diameter, cm 16.5 15 16.5 17 12.5 14 15.5 15 14.5 15 15.15 17 12.5
Height, m 15.5 13.5 13 13.5 13.5 12.5 13.5 14.5 12.5 11.5 13.35 15.5 11.5
Age, year 32 30 34 34 32 34 34 32 32 30 32.4 34 30
Number of stems per ha 2 300 1 411 1 717 664 1 011 3 108 1 578 1 749 2 094 1 048 1 668 3 108 664
Area MT
Median trees Plot Plot Plot Plot Plot Plot Plot Plot Plot Plot
1 2 3 4 5 6 7 8 9 10 Avg. Max. Min.
Diameter, cm 15 14 16 17.5 16 16 14.5 12.5 17 17 15.55 17.5 12.5
Height, m 15.5 12.5 14.5 14.5 11.5 14.5 13.5 12 14.5 15.5 13.85 15.5 11.5
Age, year 28 28 28 28 28 29 29 27 30 29 28.4 30 27
Number of stems per ha 2 050 1 174 1 166 1 007 1 488 1 236 1 098 1 406 1 153 1 376 1 315 2 050 1 007
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Table 2 Inventory data on harvested trees, VT
Unit
Area VT, summer pine 
With bark n=36
Area VT, summer pine 
Without bark n=49
Area VT, autumn pine 
With bark n=10




12.1 12.4 13 13.0
Diameter, max. 18 22.5 18.5 19.5
Diameter, min. 7.5 6 9 9.5
Thicknes of bark, avg.
mm
4.3 N/A 5.4 5.5
Thicknes of bark, max. 8 N/A 9 9
Thicknes of bark, min. 1 N/A 3 3
Height, avg.
m
13.5 13.5 14.8 14.5
Height, max. 15 16.2 16 17
Height, min. 8.5 9.9 13 13
Age, avg.
year
35 N/A 40 42
Age, max. 38 N/A 46 48
Age, min. 31 N/A 36 38
Volume, avg.
m3
0.084 0.0928 0.0977 0.0958
Volume, max. 0.1889 0.3128 0.2112 0.2473
Volume, min. 0.0234 0.015 0.0424 0.472
Table 3 Inventory data on harvested trees, MT
Unit
Area MT, summer pine 
with bark n=35
Area MT, summer pine 
without bark n=48
Area MT, summer birch 
with bark n=15




12.3 13.1 11.4 10.7
Diameter, max. 21 19.5 18 25.5
Diameter, min. 8.5 6 7.5 5.5
Thicknes of bark, avg.
mm
4.6 N/A N/A N/A
Thicknes of bark, max. 7 N/A N/A N/A
Thicknes of bark, min. 3 N/A N/A N/A
Height, avg.
m
13.1 13.3 N/A N/A
Height, max. 16.5 16.0 N/A N/A
Height, min. 8.5 8.4 N/A N/A
Age, avg.
year
28 N/A N/A N/A
Age, max. 30 N/A N/A N/A
Age, min. 26 N/A N/A N/A
Volume, avg.
m3
0.0872 0.1028 N/A N/A
Volume, max. 0.2780 0.2343 N/A N/A
Volume, min. 0.0155 0.0131 N/A N/A
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(volume 3 loose cubic meter) were situated to sea con-
tainer	and	heated	air	 (temperatures	max	65°C)	was	
blew	 through	wood	 chips	 batch.	Drying	 from	 55%	
moisture	content	to	10%	moisture	content	(on	wet	basis)	
took	about	64	hours	per	each	load.	Extra	heat	derived	
from district heating using heat exchanger to avoid con-
tamination	during	drying	(Öhman	et	al.	2004).
Table 4 Information from forest plots
Humus layer
Growth habitat Ash
Grade of organic 
matter
Soil type pH N P K Ca Mg B Zn Fe Cd
% % g/kg mg/l mg/kg
VT 97 Low Sandy till 5.2 1.66 10.3 11.5 10.2 21.9 4.3 41.3 9 740 1.4
MT 96 Low Fine sandy till 5.4 2.15 8.2 12.6 12.9 31.5 5.6 27.8 7 330 1.7
Mineral soil layer
Growth habitat
Grade of organic 
matter
Soil type pH P K Ca Mg N/A N/A N/A N/A
mg/l
VT – Low Sandy till 5.2 2.3 29 130 <20 N/A N/A N/A N/A
MT – Low Sandy till 5.4 3.1 50 180 28 N/A N/A N/A N/A
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harvested	 trees.	 According	 the	 literature	 normal	
amount	of	Na	should	be	about	0.02–0.08	g/kg	(Sip-
pula	2007,	Okkonen	et	al	2009).	After	all,	results	from	























3. Results and discussion
In	table	5	are	presented	shares	of	bark	from	unde-
barked	raw	materials.
Table 6 Results of chemical analysis of pellets
Results (dry basis) of chemical analysis
Ash N% Al B Ca Cu Fe K Mg Mn Na P S Si Zn
% Kjeldahl mg/kg
Area V, pine without bark 0.26 0.071 10.3 1.65 546 0.804 31.4 321 123.6 93 13.6 34.3 41 12.0 8.3
Area VT, pine with bark 0.35 0.087 27.3 1.34 750 0.782 25.0 396 145.4 99 13.9 57.5 51 7.7 11.0
Area MT, pine without bark 0.25 0.075 6.8 1.03 556 0.768 15.8 368 137.4 83 14.0 44.4 45 4.6 7.5
Area MT, pine with bark 0.31 0.087 32.2 1.35 763 0.789 17.3 474 147.3 80 13.6 71.3 62 5.8 8.7
Area MT, pine without bark 45%, 
birch without bark 55%
0.27 0.085 1.8 1.18 591 0.791 16.2 377 146.0 95 15.6 60.8 48 4.9 16.9
Area MT, pine with bark 66%,  
birch with bark 33%
0.33 0.108 22.5 1.40 772 0.826 17.0 476 146.3 84 19.0 74.6 59 5.2 15.0
Area VT, pine without bark. autumn 0.26 0.055 <LQD 1.16 531 0.857 15.1 319 122.8 87 60.0 37.5 46 7.3 5.2
Area VT, pine with bark. autumn 0.32 0.082 56.3 1.49 799 0.993 12.8 412 139.4 106 54.2 60.8 61 9.3 7.0
Table 5 Shares of bark from undebarked raw materials
Bark %, dry basis
Area VT, pine with bark 8.6
Area VT, pine with bark autumn 8.2
Area MT, pine with bark 12.6
Area MT, birch with bark 18.9
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the	 boiler.	Na	behaves	 in	 a	 very	 similar	way	 as	K	
(Obenberger	and	Thek	2010).	There	are	other	studies	


















Table 7 Characteristics of chipped raw material and produced pellets
Moisture of chips, wet 
basis
Moisture of dried and milled 
raw material, wet basis
Durability of pellets
Bulk density of 
pellets
% kg/ loose m3
Area VT, pine without bark 55.2 9.2 95.2 565
Area VT, pine with bark 57 14.7 91.8 540
Area MT, pine without bark 56.3 10.5 90.8 592
Area MT, pine with bark 59.1 9.8 93.8 619
Area MT, pine without bark 45%, birch without bark 55% n.n 10.9 95.2 671
Area MT, pine with bark 66%, birch with bark 33% n.n 8.7 96.1 736
Area VT, pine without bark, autumn 54 11.9 95.7 593
Area VT, pine with bark, autumn 54.8 12.0 94.3 617
Table 8 Characteristics of chipped raw material and made pellets
High heating value of 
pellets – HHV
Low heating value of 
pellets – LHV





of pellets, dry 
basisMJ/kg Wet basis
Area VT, pine without bark 20.83 19.5 17.46 9.3 0.2
Area VT, pine with bark 20.8 19.47 17.21 10.3 0.3
Area MT, pine without bark 20.66 19.33 17.45 8.7 0.2
Area MT, pine with bark 20.64 19.31 17.66 7.6 0.3
Area MT, pine without bark 45%, birch without bark 55% 20.45 19.12 17.17 9.1 0.2
Area MT, pine with bark 66%, birch with bark 33% 20.6 19.27 17.63 7.6 0.3
Area VT, pine without bark, autumn 20.92 19.59 17.5 9.5 0.4
Area VT, pine with bark, autumn 21.16 19.83 17.56 10.2 0.6
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Fig. 1 Amount of ash %, mechanical durability, and ratios of K/Ca, K/
Si and CA/Si, measured from made pellets. Cases at the horizontal 
axis are: 1 = Area VT, pine without bark; 2 = Area VT, pine with bark; 
3 = Area MT, pine without bark; 4 = Area MT, pine with bark; 5 = 
Area MT, pine without bark 45%, birch without bark 55%; 6 = Area 
MT, pine with bark 66%, birch with bark 33%; 7 = Area VT, pine 
without bark, autumn; 8 = Area VT, pine with bark, autumn. Ratio K/
Ca is higher when raw material has not bark and amount of ash is 
higher when raw material had bark
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Fig. 2 Amounts of Al, Ca, Cu, K and Mg, measured from produced 
pellets. Amounts of Al, Ca and K are higher when raw material 
has bark
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Fig. 3 Amounts of Na, P, S, N and Zn, measured from produced 
pellets. Amount of Na is higher when trees are harvested in au-
tumn. Amounts of P, S and N are higher when raw material has bark
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ergy and thinning wood) has been used as a raw mate-
rial	for	wood	chips	and	for	pulp	and	paper	industry.	
Small	diameter	wood	has	been	harvested	because	of	
demand of raw material and also because of the need 
of	forest	management	(e.g.	stems	will	grow	faster	to	
logs).	Forest	owner	can	get	quicker	more	profit	from	
the forest which has been managed using thinning 
































and time of harvesting were tested using one way 
ANOVA.	 Growth	 habitat	 has	 significance	 to	 the	
amount of N (p	=	0.042),	K	(p	=	0.03),	Mg	(p	=	0.018),	
Mn (p	=	0.007),	Na	(p	=	0.017),	P	(p	=	0.032),	Si	(p	=	0.000),	
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